Intentionally Left Blank
The target is shown in Figure 1 .
These targets were designed to absorb the energy of the ion beam within the foam, which converted the ion beam energy into x-rays 1 . X-ray radiation was observed from the top of the target through a circular diagnostic aperture with a diameter of either 1.5 or 3 mm. On the bottom of the target was a gold-coated aluminum witness plate, which was a component of an active, shock-breakout diagnostic. Surrounding the outside of the hohlraum were five titanium pins which produced ion-induced inner-shell x-rays (4.5 keV) to diagnose the lithium beam. At the top of the target, a large, conical, aluminumcoated, brass section (top insert) mechanically supported the hohlraum and intercepted any stray ion beam. At the bottom, another brass conical section (bottom insert), containing 3 µm Mylar, poly(ethylene teraphthalate), windows, mechanically supported the hohlraum and provided a vacuum seal. The windows allowed x-ray emission from the titanium pins to be viewed from below. The target was supported in a superstructure machined from brass which mated with the cathode hardware of the PBFA II ion diode. The interior of the hohlraum and diagnostic pathways on the top and bottom were evacuated during the experiment and were designed to withstand a pressure differential of 2 torr.
Several different manufacturing processes were utilized in the preparation of these targets. Many of the components were mechanically weak because of density limitations (areal or volumetric). For example, the hohlraum walls were 4.5 µm thick;
yet they had to be wrinkle free over the entire surface and be able to support a small differential pressure. The foam had a density of 5 mg/cm 3 . For comparison, the density of dry air at 1 atmosphere of pressure is 1.19 mg/cm 3 . Neither of these components could be handled unless supported by another sacrificial structure. For the hohlraums, our handling philosophy was to prepare it on an extractable mandrel. After evaporating gold onto the mandrel, it was attached to a robust part of the target support structure and only then was the mandrel removed by extraction (dissolution). In the case of the foams, they were prepared with a solvent based process which used a solvent that was solid at room temperature. The solvent-filled foams were easily handled and machined.
Only after placement within the hohlraum was the solvent removed by sublimation (freeze-drying). Thereby, the most delicate parts of the target endured no handling, but were supported until after their assembly into the target. Although these techniques made the assembly possible, they complicated characterization. More robust parts of the target were machined with traditional methods including electrical discharge machining. Films and coatings were prepared by chemical or physical vapor deposition and plasma spray.
Component Preparation
The major physics components of the target included the polymer-coated gold cylinder (hohlraum), the foam retainer (lid to the hohlraum) including its' diagnostic aperture, the foam, the titanium beam diagnostic pins outside of the hohlraum ("titanium birdcage"), and the aluminum shock-breakout plate. These are shown in figure 2 . Details on the other components of the targets can be found in reference 2.
Hohlraum and Foam Retainer
The Hohlraum consisted of a hollow polymer-coated gold 4mm diameter right circular cylinder. The foam retainer's purpose was twofold: to provide precise diagnostic apertures, and to form the lid for the hohlraum which held the foam in place. Both of Fig. 2 . Illustration of the target's major components.
these components were prepared in similar ways. First a mandrel of extrusion grade acrylic, poly(methylmethacrylate), was machined and polished to the required shapes.
Mandrels were then coated with 1.5 µm (hohlraum) or 2 µm (foam retainer) of 99.999% purity gold in a physical vapor deposition coating chamber using an electron beam source. The mandrels were held in a .5 Hz. rotating fixture and the angle of the mandrels with respect to the source was varied from 90° to 45° to assure uniform coating on all surfaces . A witness slide was attached to each mandrel stem for subsequent profilometer measurement, and a surplus part of the mandrel coating was also used for direct measurement of the coating thickness. Coated mandrels were checked for pinholes by directing a fiber optic light into the acrylic and observing light emission through the gold coating. Only mandrels which had no pinholes were processed further.
The foam retainer had an extra 12 µm of gold electroplated to bring its thickness up to 14 µm. Gold-coated hohlraum mandrels were coated with 3 µm of Parylene-D, poly(dichloro-para-xylylene) 3 , {-C 8 H 6 Cl 2 -} n . These mandrels were mounted horizontally onto a rotating fixture inside the Parylene coater. Witness slides were mounted with the mandrels and profilimeter measurements were later used to obtain the thickness of coated Parylene-D.
Mandrels for the hohlraum and foam retainer were designed with a stem, to hold and rotate the part, and with sharp edges wherever a cut in the coating was required.
These edges were trimmed with a sharp razor at the location of the apertures and the edge of the part. The hohlraum mandrel is shown below with these extra features indicated. The foam retainer mandrel looked similar. Foam retainer mandrels were extracted with acetone and stored until assembly. Hohlraum mandrels were not extracted until after assembly into the top insert because of their delicate structure.
Tr im ed ges 2mm aperture
Ste m for hand ling Coati ng for anal ysis A ctual comp onent shap e Assembly Procedure
Targets were built from two subassemblies: the bottom insert and the top insert, which were positioned and aligned within the supporting superstructure, i.e., the target body.
The bottom insert was composed of a brass structure covered (on the side toward the beam) with 25.4 µm of plasma-sprayed aluminum, with windows in four quadrants.
Each window was covered with 3 µm of Mylar. An aluminum shock-breakout plate was attached to the top. Both the shock-breakout plate and the Mylar-covered windows formed vacuum seals.
Once completed, the bottom insert was bonded to the target body. After curing the adhesive, the target body containing this subassembly was placed into a leak check fixture, pressurized to 3 torr with argon, and monitored for 30 minutes. Only assemblies with a leak rate of less than 0.02 torr/min were accepted and processed further.
The top insert was composed of a brass conical shaped piece coated on its outer surface (facing the incoming beam) with 25.4 µm of aluminum by a plasma spray process. Five pilot holes were placed in the top insert; these were used to locate and secure the titanium strips. A single strip was placed in quadrants one, two, and four, and two strips were placed in quadrant three. The appropriate strips (short or long)
were oriented in the top insert by an assembly fixture and bonded in place with a fluorescent-tagged epoxy, (N-methyl pyrrolidione added to fluoresce between 360-400 nm). After curing, the assembly was examined under ultraviolet (UV) light to detect fluorescence from vagrant epoxy. If vagrant epoxy was observed, the adhesive was removed before curing. Once the strips were secured, a hohlraum mandrel was bonded into the top insert with a solvent-resistant epoxy, and then the entire top insert was placed into an acetone bath for extraction of the hohlraum mandrel. A completed top-insert is shown in Figure 4 . A brass debris block completed the target build 2 .
Characterization
A variety of analytical techniques were used to characterize the hohlraum, foam retainer, titanium strips, and the foam. These included optical measurements, microphotography, scanning electron microscopy, radiography, profilometry, and
Rutherford backscattering. Many of the characterizations were destructive and could be performed only on statistically representative samples. The specifications for delivered targets were then inferred from the measurements destructively performed on similar samples. Photographs were taken of all the components, assemblies, and completed targets and were used to document positioning, concentricity, and foil quality.
Foam
Foam density was calculated from volume and weight measurements of foam bricks.
(The cylindrical solvent-filled foam pieces were machined from these same solventfilled bricks prior to solvent removal.) Volume was determined from optical comparator measurements of the bricks after solvent removal. The bricks were then weighed.
Although the volume of these bricks was two orders of magnitude greater than an individual hohlraum foam, we estimate that the accuracy of this technique to obtain density is approximately five percent due to a lack of parallelism and a rough surface finish. The densities of two bricks were found to be 4.1 mg/cm 3 However, this process proved destructive to these particular foams because of the mounting, handling, and transportation required. Solvent-filled foam cylinders were first mounted on a suitable substrate for analysis, the solvent removed, and then transported to the ion tomography equipment. Data was successfully taken for purposes of demonstrating the capability of ion tomography on foams of this density.
The data showed that density variations as small as 1% could be determined with a spatial resolution of 10 µm.
Hohlraum Wall Thickness
Hohlraum walls were composed of vapor deposited gold and Parylene-D. Thicknesses were determined using a Dektak ® profilometer on witness slides located very close to the actual parts in the coating chamber. The measurements were made separately; one for the gold coating and one for the Parylene-D. The accuracy of this data is considered to be within ten percent. Rutherford Backscattering Spectroscopy (RBS) was performed on the coating deposited on an excess part of the mandrels, (as seen in Fig. 3 ). Accuracy for the RBS technique is approximately five percent. Table I contains both profilometry and RBS measurements for each hohlraum. Both the gold and Parylene-D coatings were very close to the design values. The average Parylene-D coating was within 2.7% of the design value and the greatest deviation from the design value was under 11%. The gold thicknesses, as judged by RBS, were also very close to the design value. The greatest deviation was under 15%, while the average gold thickness was within 5% of the design value. The gold thickness deposited on 75% of the targets was within 5% of the design value and 87.5% were within 10%.
Target Centering and Positioning
Optical comparator measurements (Gage Master, Series 20) were made on targets to determine the hohlraum height and diameter, the aperture diameter, the vertical and horizontal centering of the hohlraum with respect to the target body, the centering of the aperture with respect to the target body, the angles of the titanium strips, and their length and width. The optical comparator works by projecting a shadow image of the target onto a screen. Dimensions are then determined by a computer controlled positioning program which allows measurement of distances and angles to an accuracy of 2 µm. Some of these measurements are summarized in Table II . Hohlraum diameters closely approximated the designed diameter of 4 mm. Hohlraum height showed more variability because both the top and bottom were bonded with Table II epoxy to other components, and the thickness and other factors of the adhesive could change the overall height. The titanium strips were aligned very accurately due to the fixture that was used to secure them. The angle of the strips with respect to horizontal in two viewed directions (viewed by looking toward the center of the hohlraum and at 90° to this view) was always within 3° of the designed angle and in the majority of cases was within 1°.
Hohlraum centering was calculated from optical comparator measurements of distances from the target body to the hohlraum edge at two positions (90° apart).
Hence, the off-center number is only an estimate based upon these two data points. In general the hohlraum was centered horizontally almost perfectly. The average deviation was less than 0.1 mm. Vertical centering in the cathode hardware was totally dependent on the size of the spacer used. Based upon optical comparator positioning information, we chose a spacer size which yielded an average deviation in the vertical centering of less than 0.04 mm. This was well within our diagnostic resolution.
Aperture diameters and centering were measured in a similar way. Only two measurements (at 90° apart) were used to estimate the centering of the apertures. The diameters were very close to the desired design values. For the 3 mm diameter aperture the average deviation from this design was only 0.6%. For the 1.5 mm diameter apertures the average deviation from this design was significantly greater but still under 6%. The apertures were off-center by an average of 0.2 mm, with significant variability. These parts are available to answer any materials questions which could arise when data is analyzed in the future.
Conclusions
Due to the delicate nature of the Hohlraum's foil and foam, and available analytical techniques, these components could not be directly characterized without destroying them. Instead, these components were characterized by gathering data on similar materials, and extrapolating these results to the actual target components. Other aspects of the targets were characterized nondestructively. A total of nine targets were delivered and shot for this series. was under 15%, but the majority were much closer. Titanium pins were the correct size and had near-perfect alignment due to the bonding fixture which was used.
One weak area in our characterization was in the measurement of the top aperture size and circularity. We measured two diameters of the top aperture at 90° from each other and then averaged these to compare to the desired value. This gave us no information on the uniformity of the diameter (i.e. circularity), although photography allowed us to keep a permanent visual record. If targets of this type were used in the future, it would be important to develop a system to completely evaluate the shape of the aperture, the quality of its edge, and the area that it circumscribes. These apertures were formed by cutting a gold foil with a scalpel. This worked quite well for the 3 mm diameter apertures, but was less accurate for the 1.5 mm diameter apertures. For the future, we need to develop a more accurate method of cutting the foil. Possible candidates are laser or e-beam machining.
The low-density foam may be the most important physics componenet of this target.
But by far the weakest area of this target build was the foam preparation and characterization, including it's density, density uniformity, and even volume. We should spend more effort to develop the technology to prepare these low-density foams for future targets. (Another problem that will not be discussed here, but with very serious repercussions, was the occasional contamination of targets by foreign materials during insertion into PBFA II.)
Characterization of the foams was very limited. Better preparation of foam blocks for density analysis is required. These blocks were removed from the main foam brick and were shaped by hand to form a parallelepiped. A more accurate method would be to have several extra target pellets machnined, accurately measure and weigh them, and calculate numerous densities that could be averaged. In addition, a statistical evaluation should be made of the foam sampling technique to obtain the best speciments for analysis.
No information on density uniformity was obtained, although ion microtomography may be promising in some future instances. This technique should be developed, optimally as a nondestructive test, to obtain direct information about density and density uniformity. For example, if the foam could be permanently attached to a rigid base, it could be transported to the ion microtomography beam and then returned for use as a characterized target if the base were a part of the target design.
